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The Florida Department of Transportation (FDOn Florida's Turnpike Enterprise
retained CUTR to evaluate the functionality, capability and accuracy of Autosense
Axle Counter"' (ASAC). ASAC is a diode-laser-based vehicle detection and
classification sensor manufactured by Schwartz Electro-Optics (SEQ) of Orlando.
The device is ideally located on a pole alongside the highway or alongside a toll
lane, pointing downward toward the center of the traffic lane. ASAC is mounted five
feet above the road surface and emits two laser beams at a fixed angle separation of
ten (10) degrees onto the pavement. As a vehicle passes the device, the laser beams
are broken and the device is able to generate a series of two-dimensional scans of
the vehicle. Once the vehicle has passed fully through the beams, a three
dimensional image of vehicle is developed. This image is used to count the axles
using in-built device algorithms. This device had the multiple capabilities: to detect,
to separate and to classify vehicles.
The evaluation took place at Leesburg Mainline Toll Plaza on the Florida Turnpike.
The data used in this report included the information dating form May 17- july 14,
2002, with a sample size of 30,535 vehicles. The objective of the evaluation was to
assess the accuracy of ASAC as a vehicle classifier and separator. Comparison of
the ground truth videotape with the transaction records generated by the plaza
computer, as well as by the SEO data files, formed the basis for this evaluation. This
ground truth comparison allowed real time evaluation of any errors within the
system.
The ASAC device evaluated in this report was a prototype. Over the course of the
evaluation period, a total of 30,535 vehicle transactions were assessed. There were
370 errors attributed to the ASAC. The ASAC device accuracy at 95% confidence
level is greater than 98. 67%.
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Schwartz Electro-Optics (SEO) Autosense Axle Countef'M (ASAC) was
loaned to the Florida's Turnpike Enterprise for the preliminary evaluation of
the unit's adaptabi lity and functionality with the existing Florida Tolls
System. (For more information about SEO refer to Appendix A). The FOOT Florida's
Turnpike Enterprise retained CUTR to evaluate the performance of ASAC installed
and adjacent to l-ane 3-B at the Leesburg Mainline Toll Plaza. The performance
evaluation is similar to that previously conducted by CUTR, to assess the accuracy
of AutoSense II~ as a vehicle separator. The evaluation of ASAC consisted of the
following:

A

- Florida's Turnpike Enterprise installed one ASAC sideway unit in Lane #3-B at
the leesburg mainline plaza. The output signals for vehicle separation and
classification were obtained exclusively from the ASAC unit. This was compared
directly with the corresponding video ground truth.
- ASAC was tested for the vehicle separation and classification. A thirty-three day
operation test for an 8-hour period of each day commenced immediately after
ASAC: was installed and verified for operational performance.
CUTR prepared this performance evaluation report, including verification of
statistical significance of the ASAC vehicle axle count performance.

-

Overview
SAC is a diode-laser-based vehicle detection and classification sensor (VDC}.
This device was designed by Schwartz Electro-Optics (SEO} and was
developed under an Intelligence Transportation Systems - Ideas Deserving
Exploratory Analysis (ITS- IDEA) program for the National Academy of Sciences.

A

ASAC has the capabilities to detect the presence of a vehicle, to separate vehicles
and to count the number of axles per vehicle. It also provides other type of
information such as the vehicle's timing and speed.
ASAC is usually positioned on a pole alongside a toll lane, pointing downward and
toward the center of the lane.
Through its field-of-view, ASAC first scans the road leading to range measurements
across the width of the road at two locations in front of the device. These
measurements are processed to generate messages that uniquely detect, separate,
and quantify each vehicle along with providing speed and camera trigger
information.

Device Specifications
ASAC starts detecting vehicles automatically upon power-up. ASAC is a userfriendly device that doesn't require any field adjustment due to its self-calibration.
(See Table 1 for specifications of the device.) The laser device is enclosed in a solid
case and requi res little maintenance. The only requirement for preventive
maintenance is keeping the window clean. A d irty window can result in range
errors. SEO recommends cleaning the window every six months with an optical
lens tissue to prevent scratches. ASAC housing is nitrogen purged, hermitically
sealed prior to shipping, and should be opened only in a laboratory environment by
SEO personnel. SEO staff set all calibration and alignment adjustments during the
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final test, with no field adjustments being required. Initial installation of the device
takes 1-2 hours and repair time is 10-15 minutes. The device is designed to have an
unlimited life span. After 35,000 hours of use, which corresponds to a period of
four years, the device should be returned to SEO for an overhaul servicing. Figure
1displays the ASAC device.

Table 1: ASAC Device Specifications

Size

. 19:10 in

Power Requirements

x 9.65 inX5.90·il)

·

.a. 90-140V, .5Qc60 Hz, 1.5A . ·
b. 200-264 V, 50-60 HZ, 1.0A.

Figure 1: AutoSense Axle Counter Device

Concept of Operations
The ASAC device emits two narrow beams, at a fixed angle separation of 10
degrees. The first beam has a look down of 10 degrees and the second beam has a
look down of zero degrees, as shown in Figure 2. At a mounting height of 5 feet,
this 10-degree separation equals the distance of one foot between the two laser
beams. The laser beams continuously scan the road at a rate of 360 scans per
seconds. Figure 2 shows the detection messages produced by ASAC as a vehicle
passes through the range of the device. A sideway height profile of the vehicle is
generated each time the vehicle is scanned. Once the end of the vehicle has been
detected, ASAC generates a three dimensional image of the vehicle by calculating
the ·vehicle speed and combining the sequence of the two-dimensional scans. Once
the three dimensional image is obtained, the ASAC device classifies the vehicle
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using a built-in algorithm. In its configuration at leesburg Plaza, ASAC is utilized as
vehicle separator and classifier.
Figure 2: Axle Counter Vehicle Detection Sequence
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Typical Installation
During the third week of May 200.2, FOOT staff helped with the installation of the
ASAC as well as the video equipment in Lane #3-B at the Leesburg Mainline Toll
Plaza. The installed ASAC device is shown in Figure 3. FOOT staff angled the
device so that the laser beams contacted the pavement surface just in front of the
treadle. Figure 4 shows a schematic of the Leesburg Toll Plaza system operation.
The autom·atic vehicle classification, AVC device, was responsible for informing the
lane controller of the beginning and end of each vehicle that passed through the
plaza, so that the vehicles could be correctly separated. AVC device was also
responsible for signaling the end of the transaction to the system. ASAC's ability to
separate and classify vehicles was utilized in the evaluation.
Figure 3: Installation of Axle Counter at Leesburg Mainline Toll Plaza
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Figure 4: Schematic of Leesburg l oil Plaza System Operation
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T

he intent of the evaluation was to assess the accuracy of ASAC by comparing
three sources of data: the ASAC data set provided by SEO, the ground truth
videotape of Lane #3-B at Leesburg Toll Plaza, and the transaction record
generated by the toll plaza computer. The basic process used to obtain the data
required for the evaluation is shown in Figure 5.
Description of Source Data
As is shown in Figure 5, there were three sources of data. Two of these sources, the
ground truth videotapes and the transaction records were from The Leesburg
Mainline Toll Plaza and provided by the Florida Department of Transportation. The
third source were the ASAC data provided by SEQ.
CCTV Videotape

.
The first data source was the Closed Circuit Television (CCTV) videotape, obtained
from Leesburg Toll Plaza. A CCTV camera was used to view the tol lbooths during
operational hours. For each vehicle passing the tollbooth, a real time transaction
information is generated on the screen by the CCTV computer. This visual image
was recorded onto videotape at the toll plaza and an example of the type of image
obtained is shown in Figure 6. The plaza clock was displayed within the overlay,
allowing accurate real time transaction evaluation. Staff at Leesburg Toll Plaza sent
the videotapes to CUTR.

Plaza Computer Text Files
The second data source is the Leesburg Plaza computer text file. An example of this
text file is shown in Table B-1, Appendix B. This file is the final transaction record of
each day as collated by the plaza computer, and contains an extensive row of
transaction data for each vehicle proceeding through the plaza. The staff at Boca
Raton Data Collection Center was responsible for identifying the data required for
the evaluation and sending it to CUTR via e-mail for the duration of the evaluation.

ASAC Data from SEO
'

The SEO team provided the electronic text files for the ASAC transactions via e-mail.

-

Figure 5: Axle Counter Field Test: Data Collection and Evaluation Process
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Figure 6: Example of Correct Transaction Recording

frame 1
A tractor approaches the toll plaza.

frame 2
It is registered by the toll col lector as a
three-axle vehicle as shown by the "C13" code in •Fwd" section of overlay.
The toll collector receives payment. The
tractor leaves the tollbooth

Data Formatting
An example of the toll plaza transaction record text files, complete with an
explanation of the column headings, is shown in Table ~-1, Append ix B. Table B-1
shows that these text files detail each transaction recorded at l eesburg Plaza. The
files did contain independent data related to the operation and output from the
ASAC device. Therefore, in order to assess the accuracy of ASAC, the number of
"forward axles" allocated to each vehicle is counted. The text files were imported
into Microsoft EXCEL Spreadsheet, formatted to iso_late the required data ( the
number of forward axles allocated to each vehicle and time of transaction), and
printed out for use in the ground truth comparison. There are three different types of
axle counts given to each transaction record. Appendix B-1 contains definitions of
these three axle allocations. The forward axle count is the number of axles allocated
to the vehicle by the toll collector, and the observed axle count is the raw number
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of axles viewed on the CCTV videotapes. The SEO axle count is the number of axle
determined by the ASAC.
Ground Truth Comparison
The evaluation commenced on May 17, 2002. FDOT staff at the plaza was asked to
provide videotapes for three days, every week (Friday, Saturday, and Sunday), from
1Oam to 6pm, for the observation period, which ended on July 28, 2002. Staff at
Boca Raton Data Collection Center was asked to send daily output text files for the
corresponding days. The SEO team was responsible for sending electronically, the
ASAC text files to CUTR, on a weekly basis. This third source of data was a daily
summary of all the vehicles detected by the ASAC in lane 3-B. Information for every
vel:licle was provided such as a time stamp, the axle count, their height, width,
length as well as their speed.
During the stage of the evaluation, CUTR analysts watched the videotape of the
plaza operation and compared what they saw with the transaction data registered on
CCTV overlay, in the text fi le, and the ASAC output files. An example of a correctly
recorded transaction sequence was previously shown in Figure 6. If the transaction
record did not correspond with the ground truth video, the transaction was recorded
as an error. Pretest analysis of the videotapes indicate<;l that there were varieties of
transaction error types that occurred at the plaza. A careful analysis of the various
errors indicated that these errors fell into six main categories. The utilization of these
six categories provided the level of delineation required to accurately define all the
errors that occurred at the plaza. Table 2 details the error codes and their unique
definitions.
Table 2: Ground Truth Comparison Classification of Error Types

5

Incorrect number of axles allocated by ·ASACcto vetiicle due to s~pat.ation
error

Error Type • E•
This error is assigned when a wrong axle number was allocated to a vehicle by
ASAC. This error type was differentiated from a separation error by considering the
transaction preceding and following the error transaction. If the preceding and
following vehicles were allocated the correct number of axles in .the transaction
record, then the error was logged as an "E" type error. Tllis differentiates th is error
type from a.separatioh error (S) when additional axles would be allocated to either
the preceding or fol lowing vehicle. This error type •E• can be attributed to ASAC.
Error Type •f•

This error is assigned when the transaction record appears correctly on the CCTV
videotape, and in the ASAC text file, but was incorrect in the FDOT text file.
Clearly, this error is a result of wrong number of axle recorded in the FDOT text file.
This error type is not attributed to ASAC.
Error Type "C
This category describes the situation when the transaction record appears correctly
on the CCTV videotape and the ASAC text files but no transaction was recorded in
the FDOT text file. This error type is not attributed to ASAC.
Error Type "/"
This category of error was assigned to vehicles whose axles allocation couldn't be
visually confirmed on the CCTV videotape. The transaction records of the FDOT
text files as well as the ASAC text files were two sources of information for these
vehicles. However, due to poor weather conditions or unusual visual effects, the
axle allocation couldn't be determined. Therefore, those cases were put aside and
weren't assigned to any potential source of errors. This error type is not attributed to
ASAC.
Error Type •s•
This category of error was assigned for incorrect vehicle separation by the ASAC.
This error is defined as an incorrect number of axles allocations for consecutive
vehicles. Separation errors are often the result of an incorrect axle count of two or
more consecutive vehicles. This type of error can only be attributed to the ASAC.
Error Type "A"
This error type is assigned when the number of axles for a vehicle was incorrect in
both the FDOT and the ASAC text files. Clearly, this describes the situation when
the transaction record appears correctly on the CCTV overlay, but the transaction

was incorrectly recorded in the FDOT text file and the ASAC text files. This error
type can also be contributed to ASAC.
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Ease of Installation
he device is usually mounted at a height ranging from 1.5 to 2.5 meters ·(4
and 6 feet) high and typical ly located on a pole alongside the highway or
alongside a toll lane pointing downward and toward the center of the lane.
The input power connector used for the device is a three-conductor power cable
shielded with the requirement size of 18 AWG (American Wire Gauge). SEO inc.
provides an environmentally sealed cable. Ensuring proper installation, the threeconductor power cable should be connected to the specified power and ground
connections. Initial installation of the ASAC takes approximately one to two hours.
It is a user-friendly laser device. SEO Inc. sets the calibration and alignment
adjustment. It doesn't require any additional adjustment by the end-user.
Additionally, to improve the surface reflectivity of the roadbed, one or two stripes
can be painted across the traffic lane to ensure the proper operation of the ASAC.

T

Compatibility with Existing lane Equipment/Operations
The ASAC is a stand-alone-device that requires little adjustment to toll operations. It
only requires the installation of a pole alongside the edge of the toll lane and power
source for the power cable of the ASAC.

T

he ground truth comparison phase for this evaIuation was performed from
May 17 to july 28, 2002. During that period, a total of 30,535 vehicles were
reviewed. Table 3 shows the results summarized for this evaluation.

General Error Appraisal
The six categories of errors (A, C, E, F, I, and S) shown in Table 3 help to identify the
different occurrences in which vehicles are classified incorrectly. Table 4 identifies
the ASAC only errors. The occurrence rate for each type of error has fluctuated from
1% to 4% over the duration of the evaluation period. Vehicles on june 7 to j une 9,
2002 were not accounted for because the ground t ruth video didn't focus on lane 3-

B.
Discussion of Individual Error Types

Error Type "E"
This was the niost common error recorded with a frequency rate of 0.95% and
describes the instances when there is an incorrect axle allocation by the ASAC
device. This type of error occurred especially with vehicle pulling another vehicle
or a trailer, was simply misclassified by the device. Other occurrences happened
when mu lti-axle vehicles were also misclassified. These errors were attributed to
ASAC.
Error Type •f•
This category of error has the second highest frequency rate of 0.64%. Th is type of
error describes the situation when the transaction record appears correctly on the
CCTV and in the ASAC text files, but is incorrectly recorded in the FOOT text file.
This error type represents the event of the CCTV computer recording the transaction
correctly, which was then rendered incorrect by the action of the plaza computer.
Error Type •c•
This error has a rate of 0.29%. It occurs when the CCTV ground truth video and the
ASAC device correctly recorded vehicles, but no transaction was recorded in the
FOOT computer text files. The Toll collector is a major source of this type of error

because during periods of inconsistent transaction recordings, vehicles can be
missed completely by the toll collector.

Table 3: Summary Results of ASACTM Evaluation
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Table 4: Summary of Axle Counter Only Errors
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Error Type •t•
This error type is assigned to vehicles whose number of axles couldn't be clearly
identified on the videotapes. For error "1", only two sources of information were
available such as the transaction record in the FOOT computer text files and the
results from the ASAC device. In some instances due to weather conditions, the
results couldn't be confirmed by visually classifying those vehicles. Therefore, these
errors weren't attributed to any potential sources of error. In our sample, 0.08% of
the total number of vehicles fell into that category.
Error Type •s•

This error type is related to incorrect vehicle separation and therefore was only
attributed to ASAC. In each case, two or more consecutive vehicles were incorrectly
classified. This was done to show that the total number of axles over the transaction
period was correct and hence the incorrect axle allocation inust be due to a
was
separation error and not a type •f• error. The frequency rate for error type
0.21% of the total number of vehicles. These errors were attributed to ASAC.

•s•

Error Type 'A"
The error type is defined for vehicles whose transaction records in the FOOT·
computer text files as well as results from the ASAC text files were erroneous. This
FOOT error type has a frequency rate of 0.05%. This category of errors was
attributed to vehicles that had both error types •f• and "F". These errors were
attributed to ASAC.

Evaluation Results

O

ver the course of the evaluation period, a total of 30,535 vehicles
transactions were assessed. There were three potential sources of error
attributed to the ASAC device, the error types "E", "S", and "A". The error
type 'E", assigned to vehicle axle misallocation by the ASAC, has frequency rate of
0.95"/o. The error type "S", defined as separation errors, has an error rate of 0.21 "'o.
The error type "A", attributed to both the ASAC device and the FOOT computer text
files, occurs with a rate of 0.05"/o. There were a total of 370 errors attributed to the
ASAC (as shown in Table 4). Appendix C includes a description of the statistical
analysis conducted for this evaluation.
Statistically, there were 30,535 (N) potentially successful transactions from the ten
data colleciion instances and 30,165 (X) successful transactions. This results in a
0.9879 successful proportion (P), or a 98.79"/o nominal ASAC device accuracy.
Based on this value of P, the accuracy interval for a 95"/o confidence level is
betw·een 98.91 "'o and 98.67"/o. This result is best expressed, "The ASAC device
accuracy at the 95"/o confidence level is greater than 98.67"/o."
SEO Planned Improvements
The above results were presented to SEO staff. They indicated that the axle counter
was a prototype and NOT the final version. SEO staff has indicated that the
following changes were made to the axle counter since its installation at Leesburg:
)> Improving the quality of the input data through the addition of a high voltage

· feedback control to attain the best intensity data. This change was
implemented in the Open Road version of the Axle Counter and results
improved by 0.5 percentage points, as reported by SEO.
)> Increasing the laser pixel resolution per scan while a vehicle is present by
incorporating a dynamically changing spread of pulses within each scan
using half angle steps for higher resolution at the base of the vehicle.
Also, some of the planned changes (as per SEO) to the prototype axle counter before
it is ready for sale are:

-

Refinement of the "Shape Based" algorithm to more efficiently utilize
processor loading
)> Increase the size of the input buffer for the laser (vehicle) data before the
algorithm can process it s6 that the long tractor-trailers do not fill the buffer.
)> Incorporate the developed, but as yet implemented "Range based"
algorithm. The new hardware environment has greatly enhanced our ability
to achieve less than 3-inch accuracy, thus the data quality will enable us to
utilize a second algorithm to verify the number of axles seen.
)>

Next Steps
The ASAC device evaluated in the study was a prototype, which is not yet ready for
field deployment based on the accuracy level results presented above. The
manufacturer (SEQ) has indicated that it is currently working on additional
improvements of the device.
This study recommends that once the planned improvements are incorporated, the
ASAC device be evaluated again for field performance.

APPENDIX A
AutoSense Axle Counter™ (ASAC) Product Information

A1

Company History
Founded in 1984, Schwartz Electro-Optics, Inc. (SEO) has achieved worldwide
recognition as a leader in the design and manufacture of solid-state lasers. SEO
produces a variety of leading laser systems for the commercial and governmental
markets worldwide. Current product lines include laser-based weapon simulation
systems, laser sensors for traffic management, precision farming and a~
conservation. In addition, SEO is engaged annually in government and privately
funded research and product development projects. The company is headquartered
in Orlando, Florida with a subsidiary in South Plainfield, New jersey.
Since 1997, SEO has developed the Autosense products, an advanced laser
scanning product line for toll and traffic management. The Autosense devices have
the capabilities to track, analyze traffic over a wide range of applications. Some of
those applications are vehicle detection, classification for a multitude of applications
including toll collections, traffic flow analysis, bridge/tunnel clearance, etc. Today,
over one thousand Autosense units are installed on highways throughout the world.
In the past two years, SEO had successfully obtained different contracts. In 2001,
SEO was awarded the United States Army's Multiple Integrated Laser Engagement
System XXI contract to build laser training systems. This contract was valued at more
than $70 million over the next five years. In May 2002, SEO was awarded a
$1rni llion contract with Candela Corporation, to provide diode laser modules. Last
May, the company introduced their conservation art restoration laser to the world at
the Salone del Restauro in Italy. The privately owned high tech laser manufacturer
had yearly sales totalizing $26 million.

A2

. APPENDIX B
Sample Transaction Record Text Files

B1

Table B-1: Sample of Excel File of Data

TIME

TRANSACTIO N

140317
14Q341
140350
140422
140430
140441
140449
140458
140508
140522
140541
140613
140653
140708
140739
140751
140758
140812
140840
140854
140944
141020
141 026
141 044
141116

9019
9020
9021
9022
9023
9024
9025
9026
9027
9028
9029
9030
9031
9032
9033
9034
9035
9036
9037
9038
9039
9040
9041
9042
9043

FORWARD Oil-FOOT OBSERVED 08-SEO

05
02

0
0

02

0

05
02
02
02
02
02
02
02
05
05
04
05

0
0
0
3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

02

02
02
05
02
05
05
02
02
05

5
2
2
5
2
2
5
2
2
2
2
5
5
4

5
2
2
2
5
2
5
5
2

2
5

Note: For the explanation of each column heading, see next page

B2

1
0
0
1
0
0
0
0
0
-1
0
3
3
2
0
-3

0
0
0
0
0
0
0
0
1

SEQ

4
2
2
4
2
2
5
2
2
3
2
2
2
2
5
5
2
2
5
2
5
5
2
2
4

ERROR TYPES
E

E

F

E

s
s
s
E

E

Description of Column Headings of Table 8-1
TIME:

Time when the transaction was recorded. The time is read as
minute, and second; i.e. hh.mm.ss

two digits each hour,

TRANSACTION:

Transaction number sequence
FORWARD:

Registered Axles. The number of axles allocated to a vehicle as determined by the
toll collector.
OB-FDOT:
This number represented the difference between the axles number in the
OBSERVED column and the axles number in the FORWARD column
OBSERVED:

Axles observed in the CCTV view. The number of axles allocated to the vehicle as
determined by viewing the CCTV images.
OB~SEO:

This number represented the difference between the axles number in the
OBSERVED col umn and the axles number in the FORWARD column

SEO:
ASAC axles. The number of axles allocated to the vehicle as determined by the
ASAC.

ERROR TYPES:
The error type as in Table 2

B3

APPENDIX C
Determination of Statistical Significance of Test Results

C1

If p is the probabil ity of a success in a lane transaction and q =(1- p) is the
probabi lity of a failure (deviation) in a lane transaction, then the probability of X
successes in N transactions is given by

X) - [

p(

N!

] x(l- )·v-x

- X!(N - X)! p

p

(1)

.

Equation (1) is usually called the •binomial distribution". Since p(X) is a probability
rather than a deterministic measure, solution for p(X) directly from equation (1) is
impossible. We must tum to statistical methods for the solution.
If a very large number of transactions (N) were observed and the number of
successes (X) were recorded, then we would expect that the proportion P = X IN
(the success rate) would converge to a single value which would be numerically
equa! to the probability of success, p. The issue at hand is how small can N be and
still produce an acceptable approximation to the probability of success, p.
An example will help in understanding this concept. Suppose that a perfect coin
with probability of a head-toss equal to the probability of a tail-toss (both equal to
1/2) is used to conduct a series of tosses. At the first toss (N =1) either a head or tail
appears. Arbitrarily calling a head a success, the P value is either 1 or 0 depending
on whether a head appeared. Clearly 0 or 1 is not a satisfactory approximation to
the known probability of a head. At the second toss(N = 2) again either a head or a
tail appears. For N =2 there are four possible sequences of appearances:
head-head, head-tail, tail-head and tail-tail. Notice that two of the four possible
sequences agree with the known probabi lity. Continued tosses will result in a
greater and greater number of sequences where P agrees with the known
probability. Although there wi ll continue to be a difference between the known
probability and the P value, that difference will decrease as N becomes very large.
Now repeat the same procedure with a biased coin where the probabi lity of a
head-toss is not equal to the probability of a tail-toss. As the number of tosses grows
large the P value will be a better and better approximation to the unknown biased
probability. The question of how large N should be remains unanswered.
It is shown in mathematical sampling theory that for N samples selected from an
infinite (or very large) population, the mean and standard deviation are given
respectively, by
(2)

and,
. l.2

cr
•

=~p(l~p).

(3)

N

Since the standard deviation is the uncertainty in the value of p calculated from the
N samples, equation (3) shows that the uncertainty will decrease as N becomes
large. We will see that that the standard deviation can be used to calculate a
•confidence interval• for the P value. Given the mean and standard deviation of a
sampling distribution with N > 30, we can expect to find a sample statistic lying in
the interval between 1!, -cr, and 1!, +cr., 68.27% of the time. If a greater certainty
is desired the interval must be increased. The amount of increase can be found for
specific values of the confidence interval.
In a sample of size N drawn from a binomial population in which the p is the
probability of success, the confidence limits for pare given by P±z,cr.,. The values
for Zc determine the confidence interval and are shown in Table 1 for selected
confidence levels. Using equation (3) we have the confidence limits for the
proportion as

~p(l p).

P±z
'

(4)

N

In practice for N?:. 30, the value for P may be substituted for p.
Table C-1. Selected Values For Confidence Coefficients
Confidence Level 99%
68.27%
98%
95%
90%
2.580 2.330 1.960 1.645 1.000
Z<
The confidence level for the axle counter can now be determined from equation (4)
and Table C-1.

Statistical Determination for ASAC Accuracy

N (Sample Size)
30,535

Errors
370

X (Successful Trans.)

o(1-ol!N
3.91472E-07

sort. (o(1-ol!N)
0.0006

z for95%
1.96

30,165

C3

P (Successful Proportion) p(1-p)
0.9879
0.0120
z*sort. = C
0.0012

P+C
P-C
0.9891 0.9867

